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Favorable outcomes with in situ techniques for
surgical repair of complex renal artery aneurysms
William P. Robinson III, MD,a Richard Bafford, MD, MSPH,b Michael Belkin, MD,b and
Matthew T. Menard, MD,b Worcester and Boston, Mass
Objective: The optimal method of operative management of complex branch renal artery aneurysms (RAAs) remains
unclear, with recent reports predominantly espousing endovascular and ex vivo repair. We sought to determine the
long-term outcome of RAA repair performed with autogenous in situ techniques.
Methods: This was a cohort study of patients undergoing surgical repair of RAAs identified from our prospective vascular
division registry (1984-2009).
Results: Twenty-six RAAs were repaired in 24 patients (17 women, 7men; mean age, 52 16 years).Mean size was 2.3 0.7
cm (range, 0.7-4.0 cm). Twenty RAAs were repaired based on size and six for hypertension alone. Multiple RAAs were
present in 13 patients (54%). Associated conditions included hypertension in 24 (100%), fibromuscular dysplasia in 6
(25%), coexistent renal artery stenosis in 6 (25%), and aortic aneurysm in 3 (12.5%). Reconstruction of first- or
second-order branches was required in 25 RAAs (96%). In situ techniques were used in 22 repairs and included resection
combined with autogenous vein bypass and interposition in 11, primary anastomosis to conjoined outflow vessels in 3,
and aortic reimplantation in 2. Aneurysmorrhaphy was combined with vein patch angioplasty in 6, exclusion in 2, tailored
primary closure in 1, and autogenous bypass in 1. Four patients underwent ex vivo reconstruction. Perioperative
mortality was 0% and morbidity was 11.5%, including one nephrectomy during ex vivo repair for immediate thrombosis.
Renal function was preserved (preoperative creatinine, 0.94  0.3 vs postoperative creatinine 1.06  0.4 mg/dL; P 
.11). Systolic (SBP) and diastolic blood pressure (DBP) control improved after operation: preoperative SBP 142 18 vs
postoperative SBP 130  15 mm Hg (P  .007) and preoperative DBP 86  14 vs postoperative DBP 78  10 mm Hg
(P  .01). Long-term patency was evaluated in 18 reconstructions (69%) by duplex imaging or contrast radiography at
an average long-term follow-up of 99 months (range, 1-300 months) and was 94%. Five-year freedom from rupture and
survival by the Kaplan-Meier method was 100%.
Conclusion: In situ techniques allow repair of complex RAAs involving branch vessels with minimal morbidity, improved
blood pressure control, and maintenance of renal function. This operative approach further provides excellent long-term
patency and survival in this relatively young patient population. (J Vasc Surg 2011;53:684-91.)
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fRenal artery aneurysms (RAAs) are a rare entity, with an
incidence of approximately 0.1% in the general population
and 0.6% to 1% in those undergoing angiography.1-3 They
are increasingly detected with increased use of computed
tomography and angiography. The indications and optimal
method of repair of RAAs are controversial. Many recent
series espouse the use of ex vivo techniques for open repair
of complex RAAs involving renal branch vessels.4-6 There
have also been an increasing number of reports of both ex
vivo and in situ laparoscopic repair of RAAs.7-10 In addi-
tion, the use of a variety of endovascular techniques for
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684AA repair, including stent grafting and coil embolization,
ave been described.11-20
Data on the outcomes of open repair of RAAs remains
imited, with most coming from a few select high-volume
enters with a particular interest in renal reconstruction.5,21,22
nalysis of any particular surgical approach is difficult because
f the wide variety of techniques used, even within high-
olume centers. More importantly, long-term follow-up of
enal artery reconstructions for RAAs remains extremely lim-
ted. Data on long-term outcome are particularly important
or two reasons. First, RAAs occur in relatively young patients
ith good life expectancy. Second, it is necessary to establish
tandards to which emerging therapies will be compared. We
herefore reviewedour experiencewithRAA repair to evaluate
he long-term effectiveness of autogenous in situ techniques.
ETHODS
Patients. Patients undergoing surgical treatment of vas-
ular disease at the Division of Vascular and Endovascular
urgery at the Brigham and Women’s Hospital are prospec-
ively entered into a computerized vascular registry. The vas-
ular registry, actively maintained since 1975, collects data on
atients with respect to demographics, risk factors, indications
or surgery, procedural characteristics, perioperative morbidity
ndmortality, use of medications, graft patency, and survival.
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Volume 53, Number 3 Robinson et al 685Preoperative blood pressure from the last clinic visit be-
fore the operation, which was often the visit to our surgeon or
the preoperative visit with a cardiologist within 4 to 6weeks of
the operation, and the blood pressure at the first 2- to 4-week
postoperative visit were recorded. From this registry, a retro-
spective cohort study was performed on all patients undergo-
ing repair of RAAs between 1984 and 2009.
Procedures and postoperative care. Specifics of sur-
gical technique were at the discretion of the operating sur-
geon. Our approach included the use autogenous vein almost
exclusively and meticulous dissection and identification of
aneurysm anatomy to allow for a direct in situ repair with40
minutes warm renal ischemic time.When40minutes warm
ischemic time would be required, we flushed the kidney with
500 to 1000 mL of mannitol-infused heparinized Ringer’s
solution (2500 U/L) at 4°C. We attempt to perform in situ
repairs in all cases when anatomically feasible.
When very distal intrahilar location of the RAA pre-
vented adequate distal vascular control for reconstruction,
an ex vivo approach was used. This included division of the
renal vessels, ureteral mobilization to allow artery resection,
vascular reconstruction with the kidney elevated out of its
anatomic space, and orthotopic replantation. Great saphe-
nous vein harvested from the saphenofemoral junction is
the autogenous material of choice because it provides the
appropriate caliber for interposition grafting when re-
quired. Patients were maintained on aspirin postoperatively
unless contraindicated.
Outcomes. Patency was defined as evidence of pulsa-
tile flow within the reconstructed renal artery or bypass
with perfusion detectable in the renal parenchyma. Duplex
ultrasound imaging was the primarymodality of evaluation,
although computed tomography angiography (CTA) or
magnetic resonance angiography (MRA) was used in some
patients. Most surgeons had a policy of radiologic surveil-
lance of reconstructions, although this was not universal in
the cohort, particularly in the earliest reconstructions.
Some patients were referred from considerable distance,
and radiologic surveillance was either not performed or not
available for analysis in this study.
Criteria for significant stenosis requiring angiography for
possible revision of reconstruction included a renal artery peak
systolic velocity/aortic peak systolic velocity ratio of 3.5 or
an in-graft velocity step-up of 3:1 indicative of a 75% area-
reducing stenosis. MRA or CTA criteria for further investiga-
tion were50% diameter-reducing stenosis. Survival was de-
termined from last date of contact, including phone calls in
some instances. Occurrence of death was also determined by
review of the Social Security Death Index.
Statistical analysis. Descriptive statistics were used
appropriately after variables were analyzed for normality.
Continuous variables were compared by using analysis of
variance for multiple groups and the t test between two
groups. Categoric variables were compared by a 3  2 2
for multiple groups or the Fisher exact test for two groups.
Comparison between two groups was only undertaken if
the appropriate three-group comparison showed statisti-
cally significant differences. Graft patency and patient sur- Rival rates were analyzed with Kaplan-Meier curves and the
og-rank test. An alpha value of .05, corresponding to P 
05 and 95% confidence intervals, was used as a criterion for
tatistical significance. Statistical computations were per-
ormed with SAS 9.1 software (SAS Institute, Cary, NC).
ESULTS
Demographics and comorbidities. Twenty-six RAAs
ere repaired in 24 patients, comprising 17 women (mean
ge, 48 12 years) and 7 men (mean age, 61 18 years).
atient demographic and comorbid characteristics are sum-
arized in Table I. Seven women were considered to be of
hildbearing age (age 45). Comorbidities included hy-
ertension in 24 (100%), fibromuscular dysplasia in 6
25%), coexistent renal artery stenosis in 6 (25%), and aortic
neurysm in 3 (12.5%). Six of these patients underwent
epair for an indication of hypertension alone with a RAA
ize 2.0, and 20 had RAAs that met the size criteria for
epair. Five patients with aneurysms 2 cm were classified
reoperatively as having severe hypertension as determined
y the number of medications and the dosage. One patient
as acutely symptomatic with flank pain but did not have a
uptured RAA.
Renal artery anatomy. Characteristics of repaired
AAs are listed in Table II. Three patients presented
ith bilateral RAAs: two underwent staged reconstruc-
ion, and in one, contralateral RAA repair was not indi-
ated. The mean size was 2.3  .7 cm (median, 2.2 cm;
ange 0.7-4 cm). RAAs were present on the right side in
6 (62%). In 25 RAAs (96%), multiple segmental renal
rtery branches were involved, with 18 occurring at
ifurcation of the main renal artery and 7 involving
econd-order subsegmental branches. One RAA in-
olved the main renal artery only.
Methods of surgical repair. The techniques used in
able I. Patient demographics and comorbidities
Variable
No. (%) or
mean  SD
Age, years 51.8  15.1
Female 17 (71)
Indication
Size 20 (77)
Hypertension 6 (23)
Symptomatic 1 (4)
Hypertension 24 (100)
Severe hypertension 11 (42)
Diabetes 0 (0)
Coronary artery disease 3 (12.5)
Cerebrovascular accident 1 (4.2)
Congestive heart failure 1 (4.2)
Smoking 6 (25)
COPD 1 (4.2)
Atrial fibrillation 3 (12.5)
Chronic renal insufficiency 1 (4.2)
Fibromedial dysplasia 4 (16.7)
Renal artery stenosis 7 (29.2)
OPD, Chronic obstructive pulmonary disease.AA repair are outlined in Table III. Exposure was per-
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March 2011686 Robinson et alformed with a subcostal incision in 12 operations (46%), a
10th interspace flank incision in 8 (31%; Figs 1 and 2), and
a midline transperitoneal approach in 5 (19%). Of the
patients undergoing midline incision, two underwent si-
multaneous infrarenal abdominal aortic aneurysm repair,
and one required contralateral renal artery reconstruction
for renal artery stenosis. One patient (4%) underwent si-
multaneous thoracoabdominal aneurysm repair, with reim-
plantation of the renal artery onto the tube graft after
resection of the RAA.
In vivo repair was performed in 22 operations (85%),
and ex vivo repair was required in 4 patients (15%) for RAA
distal subsegmental branches abutting the kidney hilum.
Autogenous repair was performed in all cases. Resection of
the aneurysmal renal artery was performed in 16 cases.
Reconstruction in these cases was achieved with bypass or
interposition vein grafting in 11 patients (42%; Fig 3), renal
Table II. Characteristics of renal artery aneurysms
Variable
No. (%) or
Mean  SD (range)
Size, cm 2.3  0.7 (0.7-4)
Side
Right 16 (61.5)
Left 10 (38.5)
Multiple unilateral 6 (25)
Bilateral 3 (12.5)
Location
Main 1 (4)
First-order branch 18 (70)
Second-order branch 7 (27)
Table III. Techniques of surgical repair
Variable No. (%)
Approach
Midline transperitoneal 5 (19.2)
Subcostal 12 (46.2)
10th interspace/flank 8 (30.7)
Thoracoabdominal 1 (3.9)
In vivo 22 (85)
Ex vivo 4 (15)
Associated operation 4 (15)
AAA repair 2 (7.7)
TAAA repair 1 (3.8)
Bilateral RA bypass for RAS 1 (3.8)
Cold preservation solution 9 (34.6)
Repair technique
Resection
with autogenous bypass/interposition 11 (42.3)
and 1 anastomosis to conjoined branches 3 (11.5)
and aortic reimplantation 2 (7.7)
Aneurysmorrhaphy
and vein patch angioplasty 6 (23)
and tailored primary closure 1 (3.8)
and autogenous bypass 1 (3.8)
Exclusion 2 (7.7)
AAA, Abdominal aortic aneurysm; RA, renal artery; RAS, renal artery
stenosis; TAAA, thoracoabdominal aortic aneurysm.artery advancement and anastomosis to conjoined segmen- pal or subsegmental branches in 3 (12%), and reimplanta-
ion on the aorta or aortic graft in 2 (8%). Aneurysmor-
haphy, which we define as resection of only the aneurysmal
ig 1. For the 10th interspace flank incision, which extends from
he tip of the 10th rib toward the umbilicus, the patient is placed in
60° lateral decubitus position with the hips rotated and the bed
exed to “open up” the space just below the costal margin. A
kidney rest” or towel roll under the contralateral flank is used.
ig 2. The kidney is accessed through a flank exposure with
etroperitoneal mobilization to the midline, which provides ready
xposure of the anterior kidney to the level of the hilum and also
llows posterior mobilization of the kidney if necessary.ortion of the renal artery, followed by reconstruction of
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Volume 53, Number 3 Robinson et al 687the remaining wall to build a vessel of normal diameter, was
performed in eight patients (31%). Reconstruction in these
patients was achieved with vein patch angioplasty in six
(23%; Fig 4), tailored primary closure in one (4%), and
bypass to a tailored renal artery in one (4%). Exclusion of
the RAA by vessel ligation was performed in two RAAs
involving subsegmental branches where only a limited por-
tion of renal perfusion would be sacrificed. Cold perfusion
was used in nine repairs (35%), including four ex vivo
Fig 3. A, Aneurysm resection and (B) interposition graft. Cir-
cumferential aneurysm involvement necessitated segmental renal
artery resection and vein interposition grafting. Note that segmen-
tal branches are too widely splayed to allow an anastomosis to a
single conjoined outflow target so a lower pole segmental artery
has been reimplanted on the graft.
Fig 4. A, Aneurysmorrhaphy and (B) vein patch angioplasty.
Note the resection of grossly aneurysmal arterial wall and recon-
struction with vein patch to maintain perfusion to segmental
branches.repairs and five in situ repairs. tShort-term outcomes. Technical success was achieved
n 25 operations (96%) and in 23 of 24 reconstructions
96%), excluding those RAAs involving subsegmental
ranch vessels that were treated by ligation. One patient
equired nephrectomy for immediate intraoperative throm-
osis with suspected heparin-induced thrombocytopenia of
n ex vivo saphenous vein graft to segmental branches,
espite multiple episodes of thrombectomy. There were no
eaths at 30 days, and morbidity was 11.5%, with one
pisode each of nephrectomy, urinary tract infection, and
ancreatitis (Table IV).
Long-term outcomes. At a mean long-term follow-up
f 99 months (range, 1-300 months), there were no occur-
ences of rupture. Among 18 patients who underwent
uplex or contrasted imaging, one late failure of secondary
atency was noted at 9 months in a patient who had
ndergone aneurysmorrhaphy and patch angioplasty. No
dditional surgical therapy was required because the patient
as not hypertensive and the kidney was not salvageable.
ong-term patency was 94% (Fig 5). There were no rup-
ures or recurrent aneurysms.
Survival was 100% at 5 years and 72% at 10 years (Fig
). Two additional deaths occurred at 140 to 150 months
hat were not believed to be secondary RAAs. Excluding
hese deaths, late morbidity occurred in two patients. One
atient required a renal artery stent at 3 months after ex
ivo saphenous vein bypass for stenosis detected on surveil-
ance duplex imaging. An abdominal wall hernia developed
n another patient.
Patients with hypertension demonstrated improved
ystolic (preoperative 142  18 vs postoperative 130  15
mHg; P .0074) and diastolic (preoperative 86 13 vs
ostoperative 78 10 mmHg; P .0113) blood pressure
fter repair (Table V). In 11 patients with severe hyperten-
ion, 9 (82%) were taking fewer medications after repair,
nd the average number of antihypertensive medications
as significantly reduced (1.1  .8 postoperative vs 2.6 
.5 preoperative; P  .0128). Renal function was main-
ained overall in those undergoing repair (preoperative
ean creatinine 0.93  0.3 vs postoperative 1.06  0.4
g/dL; P .11; Table V). Creatinine was improved in the
nly patient with preoperative chronic renal insufficiency
1.73 preoperative vs 1.58 postoperative). In one patient,
reatinine increased from 1.0 to 1.9 mg/dL after type II
able IV. Early outcomes
Variable No. (%)
Technical success 25 (96)
30-day morbidity 3 (11.5)
Nephrectomy 1 (3.8)
Urinary tract infection 1 (3.8)
Pancreatitis 1 (3.8)
30-day mortality 0 (0)horacoabdominal aneurysm and RAA repair, followed
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March 2011688 Robinson et alby staged contralateral RAA repair. No patients required
dialysis.
DISCUSSION
Surgical repair of RAAs with autogenous tissue and
primarily in situ techniques can be performed with min-
imal morbidity, improved blood pressure control, and
Fig 5. Long-term patency of renal artery aneurysm reco
the Kaplan-Meier curve. One reconstruction failed at 9 m
of repair. Number at risk at each time period is shown b
Fig 6. Long-term survival over a mean follow-up of 9
Kaplan-Meier curve. There was no difference in survival b
is shown below the graph.maintenance of renal function. Most importantly, these techniques provide extremely durable outcome, with
xcellent long-term patency, freedom from recurrence or
upture, and survival.
Patient selection for repair RAA remains controversial.
oung women of childbearing age have been considered at
he highest risk for rupture, with maternal and fetal mor-
ality approaching 70% and 100%, respectively. Repair in
ction over a mean follow-up of 99 months is shown on
s. There was no difference in patency based on method
the graph.
nths after renal artery aneurysm repair is shown in the
on method of repair. Number at risk at each time periodnstru
onth9 mo
asedhese patients is thus recommended regardless of aneurysm
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Volume 53, Number 3 Robinson et al 689size.21,23-25 In this series, seven patients (29%) were of
childbearing age.
Indication by aneurysm size alone is controversial. De-
finitive evidence for rupture risk on the basis of RAA size is
lacking. Some authors recommend repair for RAAs that are
1.5 to 2 cm or greater.21,22,26 Although repairs of RAAs of
2 cm have been reported,2,27,28 rupture of RAAs of this
size is unlikely in most patients, and rupture in nonpreg-
nant patients has been associated with death in 10% of
cases.1,3,29,30 Many thus recommend observation for small
RAAs and consider a diameter of 2 cm as the threshold for
repair,5,21,29 with some authors recommending expectant
management in any RAA 2.5 cm.30
Data from a few high-volume centers have demon-
strated the excellent perioperative morbidity and mortality,
significant decline in blood pressure, and freedom from
rupture that can be achieved with open repair of RAAs in
experienced hands. However, the risk/benefit ratio for
repair of RAA by the various techniques available today is
still not clearly defined. Two issues make it difficult to
critically assess the benefits of RAA repair. First, long-term
data with radiographic follow-up of reconstructions are
sparse. Second, current reports espouse a variety of widely
divergent operative techniques.
Ex vivo repair has been recently advocated by authors at
two high-volume centers. English et al5 reported 72 renal
artery repairs for RAA in which 50% of the repairs were
performed ex vivo, with low morbidity and mortality, no
unplanned nephrectomy, and excellent patency. In a report
from this same institution, Crutchley et al4 outline the
excellent patency, good blood pressure response, and renal
preservation achievable in complex renal branch recon-
structions by primarily using an ex vivo cold perfusion
technique. In recent years, laparoscopic-assisted nephrec-
tomy with ex vivo repair and autotransplantation has been
reported with good short-term results and patency up to 8
years.7,10 Robot-assisted laparoscopic renal artery repair
has also been described at multiple institutions.8,9
In addition to a variety of open repair techniques,
endovascular techniques for RAA repair are gaining more
widespread use, including embolization with coils and stent
graft exclusion.11-14,31 Klein et al16 described the treat-
ment of 12 RAAs, including those involving branch arter-
ies, with microcoil embolization. Despite two complica-
tions, all RAAs were thrombosed and two of four patients
had an improved blood pressure at the 2-year follow-up.16
Table V. Long-term outcomes
Variable
Immediate
preop
Most recent
postop
P(mean  SD) (mean  SD)
Blood pressure, mm Hg
Systolic 141.8  18.1 129.7  14.7 .0074
Diastolic 85.5  13.4 77.5  9.9 .0113
Creatinine, mg/dL 0.934  0.26 1.06  0.39 .11Manninen et al17 reported a series of four patients treated ry renal artery open stent placement with aneurysm coiling
f the aneurysm sac. Various authors have reported the use
f endovascular stent grafts,12,14, with patency demon-
trated at 1 year in a report by Bui et al.31
Our indications for RAA repair are tailored to individ-
al patient presentation, with aggressive surgical repair of
AAs 2 cm in size and those in women of childbearing
ge. Aneurysms between 1.5 and 2 cm were considered for
epair according to the severity of hypertension and comor-
idities impacting surgical risk. Our favored operative strat-
gy is in situ repair with autogenous reconstruction. In our
eries, 97% of RAAs involved either first- or second-order
eal artery bifurcations, demonstrating that nearly all com-
lex RAAs can be repaired with an in situ approach. In our
xperience, ex vivo repair is reserved for RAAs in which the
ntrahilar location precludes distal vascular control and was
equired in only four patients. Wide exposure is achieved
ith either a subcostal or 10th interspace flank incision,
hich allows a retroperitoneal approach and full mobiliza-
ion of the kidney from both the anterior and posterior
spects (Figs 1 and 2). In our experience, both incisions are
enerally well tolerated and are our preferred exposure,
nless bilateral renal disease or a simultaneous arterial repair
equires a different approach. We perform expeditious re-
air to limit warm ischemia time to 40minutes and use cold
enal perfusion when longer ischemic time is anticipated.
We use only autogenous tissue, because a lack of ade-
uate conduit is rare in this patient population. The tech-
ique used for reconstruction depends on the aneurysm
nd renal artery morphology. Our most common tech-
ique involved resection of the involved segment of artery,
ollowed by an interposition grafting or bypass grafting
rom the aorta or hepatic artery to a common outflow tract
hat would maintain flow to multiple segmental branches.
onjoining of adjacent segmental branches or reimplanta-
ion of segmental branches onto the graft to maintain
egmental perfusion was performed if the location of the
neurysm precluded the ability to fully resect grossly aneu-
ysmal tissue and maintain a common outflow that would
erfuse all renal parenchyma (Fig 4). Advancement of the
roximal renal artery to the conjoined bifurcation was
erformed if redundancy of the artery allowed an anasto-
osis without tension.
In more recent years, we have more commonly per-
ormed aneurysmorrhaphy with vessel reconstruction. In
his technique, we excise all grossly aneurysmal tissue but
pare uninvolved portions of the renal artery wall. The
essel wall is then reconstructed to achieve a normal-diameter
essel, generally with vein patch angioplasty (Fig 3).
oncerns exist regarding recurrence of aneurysms repaired
ith this technique, which have not been widely addressed
n the literature. We used aneurysm exclusion for RAAs in
ubsegmental branches when ligation would result in only
inor subsegmental parenchymal ischemia.
Excellent short-term results were achieved with this
urgical approach. There were no deaths. One unplanned
ephrectomy (4%) was necessitated by recurrent occur-
ence of thrombosis of an ex vivo repair in a patient sus-
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March 2011690 Robinson et alpected of having heparin-induced thrombocytopenia. This
compares favorably with the results reported in the three
largest series of RAA repair, in which unplanned nephrec-
tomy for surgical failure or immediate failure of reconstruc-
tion was reported in 0% to 8% of cases.5,21,22 In their
landmark study, Henke et al21 reported 121 patients un-
dergoing surgical therapy for RAAs: 25 had planned ne-
phrectomy, and another 8 required nephrectomy for early
failure of the renal artery reconstruction. Our overall mor-
bidity of 11.5%, which includes this nephrectomy, also
compares favorably with the 12% to 17% occurrence of
significant morbidity reported in these studies.5,21,22
To our knowledge, the mean follow-up of 99 months
in this study is the longest in the literature and includes
radiologic evaluation of the reconstruction in 69% of pa-
tients. There was 94% long-term patency in those with
follow-up imaging and no other loss of patency suspected
based on worsening clinical status in the other patients. We
of course acknowledge that there is a possibility of patency
loss that is not clinically recognized. With only one failure
of long-term patency in a patient who underwent aneurys-
morrhaphy and patch angioplasty, there was no difference
in patency based on the method of repair in our experience.
Our results echo that of previous reports. Pfieffer et al22
reported 82% patency of renal reconstructions during a
mean follow-up of 46 months. English et al5 reported a
mean follow-up of 33 months and 96% patency at 4 years.
As in our series, branch repair was required in a majority of
patients (78%). This group used in situ repair in 50% and ex
vivo repair in 50%.
Long-term survival was excellent, with 5-year survival
of 100% and 10-year survival of 72%. Perhaps most impor-
tantly, noted aneurysm rupture or recurrence of aneurysms
was noted on imaging, a finding confirming the efficacy of
aneurysmorrhaphy techniques. This study highlights the
importance of appropriate patient selection and durable
repair. Proof of long-term durability is crucially important
to the appropriate management of RAAs, because patients
are relatively young and without other clear limitations to
life expectancy. The patients in published series of RAAs
have undergone operation at an average age of 46 to 51
years.5,21,22,32
The relationship between hypertension and RAAs
has only recently been explored, with a variety of pro-
posed mechanisms, including embolization and flow dis-
turbances, leading to decreased distal renal artery perfu-
sion.5,6,22,24,25,33 Although this study does not elucidate
any causativemechanism, it is notable that all patients in the
study had a diagnosis of hypertension, and that the blood
pressure response to repair was overwhelmingly positive.
Antihypertensive medication requirements among those
with severe hypertension were significantly reduced. This
finding supports the beneficial and durable hemodynamic
response achieved with the described in situ techniques. It
is not unreasonable to assume that the lifelong benefit of
improved blood pressure control and cost savings on anti-
hypertensive medications could be substantial.This study certainly has limitations, including the rela-
ively small number of patients and its retrospective nature.
urthermore, we acknowledge that there may be unavoid-
ble selection bias in a report of this nature. We do not
erform laparoscopic RAA repair and we do not treat
ranch RAAs using endovascular means. In addition, direct
omparisons of various methods of RAA repair are inher-
ntly limited by the rarity of RAAs and their anatomic
uitability for various methods of repair.
Nevertheless, because the RAAs in this study required
omplex arterial reconstruction, we believe this study pro-
ides valuable information regarding the outcomes that can
e achieved with the operative approach outlined in this
eport. Of course, flexibility in tailoring the strategy for
epair by RAA anatomy and patient comorbidities remains
rucial. In addition, accurate quantification of blood pres-
ure response to repair remains difficult. Nevertheless, the
ear uniformity in beneficial blood pressure response seen
n almost all reports confirms the benefit of aneurysm repair
y any meticulous and durable technique.5,7,21,22,32
ONCLUSIONS
Minimally invasive options, including endovascular
herapy, for repair of RAAs are available and likely to
ontinue to increase in use as technology and experience
mprove. Data on the short-term to medium-term durabil-
ty of these repairs are increasing. Although excellent results
ave been demonstrated with multiple methods of repair,
his study confirms the excellent results that can be
chieved with the techniques described for in situ autoge-
ous repair of complex branch RAAs.Most importantly, we
emonstrate excellent long-term patency and freedom
rom rupture. The durability of this operative approach in
his young patient population helps establish the standards
y which emerging therapies will be measured.
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